A historical perspective of CCHF disease in Iran
================================================

The name CCHF derives from two regions in Asia and Africa where an often fatal human hemorrhagic fever disease occurred for the first time in the 1940s and 1950s ([@B34]). Interestingly, a hemorrhagic disease similar to CCHF was reported by Dzhurzhoni, an Iranian physician, in 1110 A.D. ([@B14]). The CCHFV is the type species of the genus Nairovirus, family Bunyaviridae. The disease is known with the local name "Kara-Mikh typhoid fever" in northwest of Iran ([@B7]). Following publication of some reports about the occurrence of a hemorrhagic disease in human and domestic animals and confirming the presence of viral agent in collected ticks from Iran ([@B1], [@B11], [@B4], [@B41], [@B48], [@B3]), the disease are considered as a public health problem by Iranian health system in 1999 ([@B25], [@B7]).

The virus have been detected frequently in livestock (such as sheep, cow, goat and camel), human and tick vectors in many parts of Iran ([@B41], [@B30], [@B54], [@B55], [@B53], [@B9], [@B29], [@B6]). So far, the disease has been reported from 23 out of 31 provinces of Iran that mostly centralized in southeast, due to a long border with two high risk countries, Afghanistan and Pakistan ([@B8]). Since 2000, the most CCHF positive cases have been reported from Sistan-o Baluchistan Province of Iran ([@B8], [@B23]).

Tick vectors
============

Ticks (Acari: Ixodidae) are the important vectors/reservoirs of Crimean Congo Hemorrhagic Fever virus (CCHFV). They play an important role in the survival of the virus in nature ([@B58]). The parasitic behavior of ticks during their all life stages, excessive blood feeding on hosts, wide range of vertebrate hosts, great reproductive potential, long term survival and adaptability to harsh and variable ecological conditions are among considerable characteristics of ticks as potential vectors of a large number of microbial agents ([@B26]). Humans may be infected via a tick bite whenever a normal cycle of virus-tick-nonhuman vertebrates is interrupted by the undesirable presence of human (such as herdsmen, tourists, veterinarian researchers) in the nature cycle. Domestic animals are known to be susceptible to CCHF virus; however, there is no evidence that any symptomatic disease develop ([@B12]). The disease occur in Palearctic, Oriental and some parts of sub-Saharan Africa wherever one or several *Hyalomma* to be distributed as widespread tick species ([@B26]).

A range of disease from mild to severe clinical illness occurs in human. In severe cases, petechial rash on the trunk and limbs, besides the appearance of hemorrhage from the body cavities are among the common clinical symptoms of the disease ([@B34]). The approximate mortality rate of 22 % has been reported in CCHF cases infected by a tick bite, though the rate is variable in different areas ([@B14]). The virus has been reported in two groups of ticks. The first group includes aggressive species, which search for human actively. For Instance, species such as *Hyalomma marginatum* and *H. anatolicum* are the main vectors in this group when epidemics is occurring ([@B14]). Second group are less aggressive species seeking humans normally. For instance the genera *Rhipicephalus*, *Boophilus*, *Haemaphysalis*, *Amblyomma*, *Dermacentor* and even other *Hyalomma* are among species that chiefly maintain enzootic foci of CCHF virus among tick vectors and wild/domestic mammals ([@B14]).

Approximately, 26 soft (Argasidae) and hard (Ixodidae) tick species have been recorded from Iran so far. They include nine *Hyalomma*, two *Rhipicephalus*, two *Dermacentor*, five *Haemaphysalis*, two *Boophilus*, one *Ixodes*, two *Argas* and three *Ornithodoros* species as ectoparasites of livestock and poultries ([@B27], [@B28], [@B39]). Studies on tick vectors of CCHFV in Iran have begun since 1980s, when [@B48] detected the virus in nymphs of *Ornithodoros lahorensis* collected from goat, however, the antibody of CCHFV (CCHF virus) was detected in the serum of the sheep sent from Iran to Russia, for the first time ([@B11]). Few years later, [@B41] reported the presence of CCHFV antibody in the sera of man, sheep, goats, cattle and some small mammals in Iran.

Iran has different climatic conditions and appropriate landscapes suitable for the occurrence of many species of bloodsucking ticks (up to the present 50 species) as external parasites on mammals, birds and other animals ([@B22]). The circulation of CCHF virus in ticks and livestock plays an important role in the maintenance of virus in Iran ([@B8]). Considering to the importance of ticks in the survival of the virus, a series of studies have been conducted by our group on ticks suspected to transmit the CCHFV between domestic animals and human.

The present paper reviews the tick vectors of CCHFV in Iran and summarizes the results of ten years study conducted in 14 provinces of Iran. Similar studies associated with tick vectors of CCHFV have also been discussed in the present study.

Argasidae
=========

The Argasid or soft ticks are the most common ectoparasites found on the poultries and domestic animals in Iran ([@B37]). To date, five human associated soft ticks are known in Iran, all of them play important role in transmission of arthropod borne diseases (Djanbakhsh 1956, [@B38], [@B5], [@B35], [@B36]).

Argas
-----

Two *Argas* species are widely found in Iran namely *A. persicus*, a parasite of poultries, and *A. reflexus*, a parasite of pigeon and doves. Recently, a third species is also found on *Pipistrellus pipistrellus* which can parasitize bats ([@B17]).

Ornithodoros
------------

Five *Ornithodoros* species have been recorded in Iran, including *O. erraticus* and *O. tartakovskyi* (parasites of rodents), *O. lahorensis* and *O. canestrinii* (parasites of livestock) and *O. tholozani* (parasites of mammals, birds and even human) (Djanbakhsh 1956, [@B37], [@B38]).

Ixodidae
========

Totally, 21 Ixodid or hard tick species have been reported in Iran. All of the species parasitize domestic animals, including sheep, goat, cattle, camel, horse, and donkey, moreover, humans might be infested accidentally ([@B7]).

Dermacentor
-----------

The genus *Dermacentor* is a most attractive tick having an ornate scutal pattern. The polymorphic *D. marginatus* and *D. niveus* (= *D. daghestanicus*) are two well-known species in Iran ([@B39]) as well as a Less known species *D. raskemensis*; however, their species status need to be revised.

Haemaphysalis
-------------

Six species of *Haemaphysalis* includes *H. concinna*, *H. erinacei*, *H. inermis*, *H. parva*, *H. punctata* and *H. sulcata* were found in Iran. The latter species (*H. sulcata)* is the most widespread species in Iran ([@B39], [@B18]).

Hyalomma
--------

The genus of *Hyalomma* is the most important tick species associates with livestock. The most frequent species of this genus found in Iran are as follows: *H. anatolicum*, *H. asiaticum*, *H. detritum*, *H. dromedarii*, *H. excavatum*, *H. marginatum*, *H. rufipes* and *H. schulzei* ([@B16]).

Ixodes
------

The species *I. ricinus* belonging to *Ixodes* genus has been reported on livestock in Iran. The prevalence of this species is confined to Hyrcanian zone in north part of Iran. This multi-host species parasitize over three hundred different hosts; including domestic and wild animals ([@B46]). Two other species of *Ixodes* genus have been reported on wild animals ([@B13]).

Rhipicephalus
-------------

*R. sanguineus* is the most common species of the genus *Rhipicephalus* throughout Iran. As well as a rare species, *R. bursa*, it may also be found on domestic and wild animals in Iran ([@B39]).

Vectors of CCHFV in Iran, Past to Present
=========================================

Since 2004, we examined different tick species of two families Argasidae (two genera, two species) and Ixodidae (five genera, 17 species) for detection of CCHF virus genome. The infection rate of tick species that were positive for CCHF virus has been shown in the [Table 1](#T1){ref-type="table"}. The collection sites of tick in different geographical zones of Iran have also been shown in [Fig. 1](#F1){ref-type="fig"}. Our results showed that *Rhipicephalus sanguineus*, *Hyalomma marginatum*, *H. anatolicum*, *H. asiaticum* and *H. dromedarii* were the most frequent tick species which were positive for CCHFV whereas other species were less infected ([Fig. 2](#F2){ref-type="fig"}, [Fig. 3](#F3){ref-type="fig"}).

![The seven geographical zones of Iran; numbers 1--14 represented different localities of tick collection, 1. Ardabil, 2. Azarbayjan-e Sharqi, 3. Golestan, 4. Hamadan, 5. Ilam (Abdanan township), 6. Khorasan-e Joonobi, 7. Khorasan-e Razavi, 8. Khorasan-e Shomali, 9. Mazandaran (Pushtekooh district), 10. Mazandaran (Ghaemshahr County), 11. Qom, 12. Sistan-o-Baluchistan, 13. Tehran, 14. Yazd](JAD-9-137-g001){#F1}

![The male of most frequent Iranian Ixodid ticks infected to CCHFV, I) *Rhipicephalus sanguineus*, II) *Hyalomma marginatum*, III) *Hyalomma anatolicum*, IV) *Hyalomma asiaticum*, V--VI) *Hyalomma dromedarii* dorsal and ventral view respectively. (Black and white arrows indicated the most taxonomic characters of certain species)](JAD-9-137-g002){#F2}

![The male of less frequent Iranian Ixodid and Argasid ticks infected to CCHFV, I) *Hyalomma schulzei*, II) *Hyalomma detritum*, III) *Dermacentor marginatus*, IV) *Rhipicephalus bursa*, V--VI) *Haemaphysalis sulcata* ventral and dorsal view respectively, VII--VIII) *Ornithodoros lahorensis* dorsal and ventral view. (Black and white arrows indicated the most taxonomic characters of certain species)](JAD-9-137-g003){#F3}

###### 

Infection rates (%) of Iranian Tick Species with CCHF Virus in Different Localities of Iran

                                                                     **Tick species**                                                                                                                             
  ------------------------------------------------------------------ ------------------ ------- ---------- ---------- --------- --------- ---------- --------- --------- --------- --------- --------- ---------- ---------
  **Ardebil[^\*^](#TFN2){ref-type="table-fn"}**                      **130/35**         **-**              **-**      **-**     **-**     **0.8**    **0.8**   **4.6**                       **6.9**   **13.8**   
  **Azarbayjan-e Sharqi[^\*\*^](#TFN3){ref-type="table-fn"}**        **56/15**          **7**   **-**      **3.7**              **5.4**   **-**                                              **11**    **-**      
  **Golestan**                                                       **130/7**                  **2.3**    **-**      **-**     **1.6**   **0.7**                                                      **-**      **0.7**
  **Hamadan[^\*\*\*^](#TFN4){ref-type="table-fn"}**                  **88/10**                  **1.2**               **-**     **2.3**   **3.4**                                  **1.2**   **-**     **1.2**    **2.3**
  **Ilam**                                                           **74/3**                   **1.35**   **1.35**             **-**     **1.35**                                                                
  **Khorasan-e Joonobi**                                             **115/7**          **-**   **1.8**    **1.8**    **-**     **-**     **0.9**    **-**               **-**                         **0.9**    **0.9**
  **Khorasan-e Shomali**                                             **67/5**           **-**   **4.5**                                   **-**                                                                   **3**
  **Mazandaran[^I^](#TFN9){ref-type="table-fn"}**                    **58/1**                                                                                                                                     **1.7**
  **Mazandaran[^II^](#TFN9){ref-type="table-fn"}**                   **42/4**           **-**                                             **-**                          **2.4**   **2.4**             **2.4**    **2.4**
  **Qom**                                                            **14/1**                   **-**                           **-**     **7.1**                                                                 **-**
  **Sistan-o Baluchistan[^\*\*\*\*^](#TFN5){ref-type="table-fn"}**   **140/6**                  **-**                           **-**     **-**                          **8.3**                                  **-**
  **Tehran**                                                         **50/2**                   **-**      **2,E**              **-**     **-**                          **-**                         **-**      **2**
  **Yazd[^\*\*\*\*\*^](#TFN6){ref-type="table-fn"}**                 **140/8**          **-**   **0.7**    **0.7**    **1.4**   **2.1**   **0.7**                                                                 **-**
  **Total**                                                          1112/108           7       11.85      9.55       1.4       23.9      14.95      0.8       17.1      10.7      3.6       17.9      18.3       38
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*D: Dermacentor*, *Ha. Haemaphysalis*, *H: Hyalomma*, *R: Rhipicephalus*, *O: Ornithodoros*

Numbers arranged according to collection sites in the map ([Fig. 2](#F2){ref-type="fig"})

T/P: total tested/positive tick specimen, I. Pushtekooh district, II. Ghaemshahr county, E: egg mass, Blank places: not done, -: negative

Based on the results obtained from reverse transcription polymerase chain reaction (RT-PCR), Argasid ticks, including *Argas persicus*, Ixodid ticks, *Boophilus annulatus*, *Haemaphysalis sulcata*, *Ha. concina*, and *Ha. erinacei* as well as *Rhipicephalus turanicus* were negative for CCHF virus.

After Dengue virus, CCHFV is the second most widespread arboviruse type disease throughout the world ([@B2]). The biological role of ticks is also important, not only as virus vectors, but also as reservoirs of the virus in nature ([@B59]). The long term survival of the virus occurs in live dormant ticks at unfavorable climatic conditions ([@B10]). [@B14] reviewed the epidemiology of tick borne Crimean Congo Hemorrhagic Fever virus. He introduced the trans-stadial and trans-ovarial (vertical) transmission of the virus in ticks ([@B14]).

Another route that CCHF virus could be transmitted among tick vector is an interesting mechanism called co-feeding behavior in which virus transferred between feeding ticks on the host (Gordon et al. 1993).

Except tick bite, the other route for transmissions of virus to human being is the direct contact with blood or tissue of the infected livestock and nosocomial infection. The biting of the infected tick or contact of human to the infected tick hemolymph through naked hands or other parts of the body and also other tick borne transmission routes are considered non-significant in the epidemiology of CCHF virus in Iran ([@B45]). Based on [@B7] the direct infection of humans by tick bite is rare in Iran and has been observed only in few cases ([@B7]). CCHFV propagates in tick vectors and within the natural host vertebrate including domestic animals. From biological point of view, the virus is transmitted from tick to the host via tick saliva during blood feeding. The virus is transmitted from tick to tick through co-feeding phenomenon ([@B34]). Thus, in Iran, the essential role of ticks in the epidemiology of CCHF virus may be debatable and never considered merely according to patient's statements and health worker reports ([@B21]).

*Ornithodoros lahorensis* was reported as the most frequent soft tick infected to CCHFV in northwest (Ardebil and Azerbaijan-e Sharqi) northeast and central parts of Iran ([@B48], [@B44]). Shirani et al. could detect the virus in the body of living *Ornithodoros lahorensis* maintained in the laboratory conditions for three months. The authors also concluded that Argasid ticks might be considered as a potential reservoir of CCHFV ([@B44]). However, the few other studies showed that Argasid ticks cannot be infected in the laboratory condition ([@B26], [@B44]). Three *Argas* ticks reported from Iran including *A. persicus*, *A. vespertilionis* and *A. refelexus*, all have been considered as the main vectors of animal diseases ([@B17]). The infection of the latter species to CCHFV was confimed in Hamedan Province, Iran ([@B49]). An expected reason of the minor implication of soft ticks in the transmission of CCHFV is their quick feeding behavior (excluding some exceptions e g, larvae of *O. lahorensis*, *O. canestrinii* and *Argas persicus*) ([@B15]). In many literatures *Hyalomma* ticks were introduced as the main vectors of CCHFV thus the correct identification of species is an essential work since it may be a complicated and controversial issue in Iran ([@B19], [@B20], [@B51]). In spite of the only report on low infection rate of *Hyalomma detritum* ([@B43]), [@B49] reported 48 positive ticks out of 294 of *H. detritum* tested for CCHFV which is somewhat doubtful ([@B49]). The other less frequent and patchy distributed tick is *Rhipicephalus bursa* that is the most frequent tick infected to CCHFV in Fereydoonshahr of Isfahan Province ([@B9]) and northwest of Iran ([@B53]). Many literatures, refer *Hyalomma* tick as main vector of CCHFV in nature; however, in our study wherever *Hyalomma was* absent or not considered as the predominant vector (in Ghaemshahr County, Mazandaran Province), CCHFV was detected from other ticks such as *Rhipicephalus* and *Haemaphysalis*. It seems that these species are key species in the survival of the virus in the absence of *Hyalomma*. On the other hand, sometimes the infection rate of *Hyalomma* to CCHFV was in low level in comparison with *Rhipicephalus* (i.e, totally 5 positive out of 8 *Rhipicephalus* versus only a few positive *Hyalomma* out of 97 specimens in Ghaen county, Khorasan-e Joonobi Province).

There are little information on genetic structure and molecular phylogenetic analysis on CCHF viruses isolated from different tick vectors in Iran. However, the phylogeny studies on the Iranian CCHFV isolates in comparison with a representative set of CCHFV sequences from other regions of the world based on S-segment sequences revealed that the Iranian isolates are mostly related to Asian 1 group particularly to the Pakistani strains ([@B9]) although a few isolates were associated with Iraq ([@B9]) or Europe 1 strains ([@B31]).

Further molecular epidemiology studies are necessary to find out the origin and the phylogenetic relationship of Iranian CCHFV to improve the surveillance and control measurements of the disease in the country.

Control of ticks
================

Based on CCHF vector, different control measurements should be performed in high risk areas where disease presents ([@B14]). For instance, in Ghaemshahr County of Mazandaran Province, and Azarbayjan-e Gharbi Province, *Haemaphysalis punctata* and *Ha. inermis* are the most prevalent species. In Azerbaijan-e Sharqi Province, *D. marginatus* is considered as target of control whereas in Hamadan, Yazd and Kurdistan Provinces, *Hyalomma* ticks (e g, *H. marginatum*) are the most important vectors, tick control measures may be focused on domestic mammals and animal housings especially with reference to behaviorally unusual ridiculous ticks, *H. detritum* and *H. anatolicum* ([@B52], [@B42], [@B32]). *Hyalomma* and other ticks can parasitize small wild rodents (*Rattus norvegicus*, *Rhombomys opimus*, *Tatera indica*, *Meriones libycus*, *Meriones hurrianae* and the lesser mouse eared bat, *Myotis blythii*) ([@B24], [@B50], [@B57], [@B33]). The control measures of livestock ticks recommended by the Iranian Veterinary Organization including the application of Acaricides, at animal housing, as anti tick bathroom and pure on or spot on domestic animals ([@B40]). Infusing Ivermectin is currently being used as a relative chief anti tick method in the Iranian ruminants, but concerning its harmful residues on animals products (milk and meat), it is not advised by the Iranian Veterinary Organization. Flumethrin is also reported as a pesticide suitable for the control of hard and soft ticks especially *Hyalomma* tick parasitizing livestock whenever use as pour-on host ([@B56]).

Conclusion
==========

The high frequency of tick species which are infected to CCHF virus reveals that unlike a most common idea which believes that *Hyalomma* species are the main vectors of CCHF virus, other ticks including *Rhipicephalus*, *Haemaphysalis* and *Dermacentor* can be reservoir of this virus; thus, considering geographical distribution, type of host and environmental conditions, different tick control measurements should be acquired in areas with high incidence of CCHF disease.
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